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ABSTRACT 


^  JFP08®  of  svaluating  the  resistance  of  dope \  fabrics  to  one 
Radiation  of  atonic  explosions,  the  Critical  enemies  of  several 
doped  fabric  assemblies,  submitted  by  the  Strategic  Mr  cewnan^  uT  Mr 
Force,  were  determined  by  exposing  the  materials'to  Z 
^c  source  of  Vernal  radiation  and  examining  the  consequent  dam^e,  '  ^e 
exposures  were  applied  by  means  of  a  carbon-arc  source  which  fur^h™* a 
maximua  irradiance  of  85  cal/cra2/sec  in  the  central  area  of  the  specimens 
if  ?La?6^  ^g  screens  were  “Ployed.  However,  for  a  better  approximation 
amWA^Jlf’17  exposure  time  to  that  in  the  field,  absorbing^creens  were 

swond  ’Thi^h6^6^178  6X1)0 SUr®  tljnes  ^  ^  rmi£e  between  0.3  and  0.6 
iT^f.HTh  T?^h  d!  0f  exposure  311(1  evaluation  of  the  effective  damage  are 
indicated.  It  was  found  that  for  exposure  times  of  .approximately  30^0 

600  milliseconds,  the  doped  fabrics  suffered  complete  destruction  at  ra^an* 

Acetateebut^fwir°m  1-8  kV5  cal/m2>  depending  on  the  assembly  exposed.' 

146  JfP?  assemblies  are  considerably  more  resistant  to  thermal 
radiation  than  cellulose  nitrate  assemblies. 
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Reft  (a)  CCKNIKNAVSHIPID  ltr  C-S99A5,  Ser  C-960-92  of  lit  Mar  1950 
(b)  BUSHIPS  restr  spdltr  S99-(0) (3U8),  Ser  3^8-75  of  6  Apr  1950 

Encli  (1)  Critical  Thermal  Energies  of  Doped  Fabrics 

AUTHORITY 

1.  This  investigation  is  part  of  the  program  originally  proposed  by- 
reference  (a)  and  formally  authorized  by  reference  (b).  The  general 
Thermal  Radiation  Program  is  under  the  supervision  of  the  Armed  Forces 
Special  Weapons  Project. 


INTRODUCTION 

2.  As  part  of  its  general  program  on  the  effects  of  the  thermal  radiation 

of  atomic  explosions  on  materials,  the  Naval  Material  Laboratory  is  evaluating 
the  characteristics,  under  exposure  to  high- intensity  thermal  radisfc  ion,  of  the 
various  materials  of  particular  interest  to  the  several  agencies  of  the 
Department  of  Defense.  As  data  become  available,  these  findings  are  published. 
In  this  report,  the  critical  thermal  energies  of  doped  fabrics,  submitted  by 
the  Strategic  Air  Command,  U.S.  Air  Force,  are  indicated. 

EQUIPMENT  AND  METHODS  OF  EXPOSURE 

3.  The  critical  thermal  energies  of  the  doped  fabrics  were  determined,  em¬ 
ploying  the  Material  Laboratory  carbon-arc  source  of  thermal  radiation 
(Bibliography  1,2, 3,1;).  The  source  consists  of  an  11-mm  carbon  arc,  mounted 
at  the  focus  of  a  mirror  which  collimates  the  emitted  energy.  A  second  mirror, 
which  is  mounted  coaxially  at  a  distance  of  12  feet  from  the  collimator,  con¬ 
denses  the  radiation  to  the  mirror’s  focus.  Gradations  of  thermal  damage  are 
obtained  by  varying  the  effective  exposure  time  by  accelerating  a  sample, 

1x8  inches  in  surface  dimensions,  moving  transversely  through  the  focus.  The 
exposure  of  the  doped  fabric  specimens  was  made  by  fastening  the  fabrics  to 
glass  melamine  blocks,  provided  with  cut-outs  in  the  central  area  to  furnish 
Ah  air  background.  In  order  to  reduce  the  propagation  of  flame  during  the 
exposures  and  in  order  to  secure  the  specimens  to  the  glass  melamine  block, 
a  glass  silicone  mask  with  several  stops  was  used  over  the  fabrics. 

RESULTS 

lw  The  critical  thermal  energies  of  the  doped  fabrics  submitted  by  the 
Strategic  Air  Command  were  defined  as  those  which  produce  certain  characteristic 
reproducible  effects  on  the  materials,  such  as  destruction,  blistering  or 
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ignition.  The  exposures  were  made  through  use  of  a  carbon-arc  source 

*£**»*'  °f  8*caV®Vsec  **  the  central  area  of  the 

n°  jb«*bing  screens  were  employed.  However,  for  a  better 
°f  **“  laboratory  exposure  time  to  that  obtained  in  the  field. 

rMMbfJL8nrf?S  F?  enpl0yed#  8ivlllg  effective  exposure  times  in  the 
range  from  0.3  to  0.6  seconds.  The  critical  energies  are  shown  in  Enclosure 

the  laboratory  exposures  have  been  produced  under 
' ^5tr0Ued  5?nditions  “d*  “  a  rule,  give  results  which  can  be 

of^Enclo^rm^th  Ho!?ver»  f°r  several  reasons,  one  must  use  the  data 

(1  withv.cautdon*  The  ®^®cts  to  be  bbserved  on  material  samples 
ra!^Unchanged  over  a  considerable  range  of  exposures.  Sinc7 
f?C grfdated  efficiently  for  refined  evaluations, 

Se  lnnu^^  iaV8  b8en  recorded-  1116  f^ts  on  material  surfaces 

fact?rs  as  ^nnting,  uniformity  of  material,  atmospheric 

chemical  ccmoositf™^00^?^  Djfferences  in  density,  absorption  coefficient, 
ettef+sJS ^  par7?e  8ize  81,0  responsible  for  the  variations  In 
and  ease^ foi«  7  J®  observed  frara  a*84  to  area  on  the  same  material.  Liquids 
ih«ngn«!  fora  d^ing  exposure  to  thermal  radiation,  even  In  a  period  of  less 

on  and  abSSty  Se^urlfce^  **  °f  theraal  radi*tJon  tocident 

on  ?0ted  hbf  rate  of  f131"8  propagation  was  considerably  slower 

when^ignited'^it  ^  ? d  nob  contain  cellulose  nitrate  dopes.  Furthermore, 

wllulfS  n?tr2«T  U  t0  extingfsh  the  specimens  containing 

£ ®  ??pe?'  While  spsc^sns  with  acetate  butyrate  dopes  could 
bo  extinguished  without  destruction  of  the  base  fabric. 

SUMMARY 

ri>v,3hfrtI!SUltv  °f  thiS  investigation  indicate  th*  upon  exposure  to  the 

f^ics^uS’tied8^  °f  ty  thermal  radiation,  the  doped 

f  ^  7  Strategic  Air  Comraaid,  suffered  destruction  by  ignition 

Jabrif^osed"87  ranging  frora  1-8  *  35  cal/cm*,  depending  upon  the 

r^«*rt!n+S!emb:^fSx!mpl0ying  acetate  hutyrate  dope  are  cons iefer ably  more 

tbese^two  thanv ^  assemblies  with  ^cellulose  nitrate  dope.  Within 

resista^l^SV  assf1?blie5  wi+h  whib8  surfaces  showed  marked  higher 
resistance  than  the  non-white  assemblies. 


5 


CONFIDENTIAL 


CONFIDENTIAL 


Lab.  Project  501*6-3;,  Part  32 
Final  Report 


BIBLIOGRAPHY 

1.  Material  Laboratory,  New  York  Naval  Shipyard.  Determination  of 
Intensity  Distribution  at  Focus  &  Parabolic  Mirrpr  and  the. 

Energy  Penalty  on  a  Moving  Surface  Using  a  Tupgsten  Lamp  Soncnfl.  Report 
NoT50l*6,  Part  5  (July  19h9). 

2.  Material  Laboratory,  Now  York  Naval  Shipyard.  Evaluation  of  Thermal 
Effects  on  Specimens  Exposed  ft  Bikini.  Report  No.  50l*6,  Part  7  (March  1950). 

3.  Material  Laboratoiy,  New  York  Naval  Shipyard.  A  Method  of  Measuring 

Intensities  at  the  Focus  of  _a  Parabolic  Reflector  with  Large  Relative 
Aperture.  Report  No71?0l*6,  Part  3  (November  191*8). 

1*.  Material  Laboratory,  New  Iork  Naval  Shipyard.  Critical  Thermal  Energies 
of  Clothing  Materials  Submitted  by  the_  U.S.  Marine  Corps.  Report  No.  501*6-3, 
Part  3.  (July  1951). 


Approved: 


/■/ .  TJC  (Hhv 

h.  t.  kuonce;  captain;  o 

The  Director 


bas 


6 


CONFIDENTIAL 


Lab.  Project  501*6-3,  Pt.  32 


Final  Report 
Enclosure  (1) 
Sheet  1  of  2 


Critical  Thermal  Energy  Values 
of  Doped  Fabrics 

Submitted  by  the 


Strategic  Air  Command 


(Exposure  times  - 

300  to  600  Milliseconds) 

Critical  Energy 

Material  and  Treatment 

Description  of  Effect 

cal/cm2 

Black  cellulose  nitrate 

Coating  breaks  into  pro¬ 

dope(MIL-D-5551l)  and 

pagating  flame  which 

cellulose  nitrate  thinner 

ignites  and  destroys  the 

(MIL-T-609l*A)  on  cotton 
(MIL-C-561|6) 

fabric 

1.8-2. 2 

Aluminized  cellulose 

Coating  breaks  into 

nitrate  dope(MIL-C-5553) 

propagating  flame  which 

and  cellulose  nitrate 

ignites  and  destroys  the 

3.6-1*.  2 

thinner  (MIL-T-609I*) 
on  cotton(M  IL-C-561i6 ) 

fabric 

ttiite  cellulose  nitrate 

Coating  breaks  into  pro¬ 

dope(MIL-D-555U)  and 

pagating  flame  which 

cellulose  nitrate  thinner 

ignites  and  destroys  the 

7.1-8. 7 

(M3L-T-^609kA)  on  cotton 
(MIL-C-56U6) 

fabric 

White  Dulux  enamel,  air 

Enamel  blisters  and 

dry( #83-508, 2  coats)  on 

discolors 

7.9 

cellulose  nitrate  dope 
(MH-D-5^3  and  MH-D-5#2) 

Enamel  breaks  into  pro¬ 

with  Aluminum  TT-A-U68 

pagating  flame  which 
ignites  and  destroys  the 
fabric 

12-20 

White  Dulux  enamel(#85-805, 

Enamel  blisters  and 

2  coats)  over  cellulose 
nitrate  dope  (MIL-D-5553)  on 

discolors 

13 

cotton  (MIL-C-56h6) 

Enamel  breaks  into  a  pro¬ 
pagating  flame  vhich 
ignites  and  destroys  the 
fabric 

16-19 

_ . _ > 
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Material  and  Treatment 

Description  of  Effect 

Critical  Energy 
cal/cm* 

2  coats  of  white  cellulose 

Surface  blisters  and 

acetate  butyrate  dope 

turns  dull 

15 

(#2651)  over  2  coats  of  clear 
cellulose  nitrate(MIL-D-5552), 

Coatings  break  into  a 

pigmented  with  aluminum 

propagating  flame  which 

TT-A-U612  over  5  coats  of 

ignites  and  destroys  the 

clear  cellulose  nitrate  dope 

fabric 

17 

(MH-D-5553)  on  cotton 
(MH-Cw  561*6) 

2  coats  of  clear  cellulose 

Surface  blisters  and 

acetate  butyrate  dope 
(2650).  pigmented  with 

turns  dull 

3.1-3.3 

aluminum  TT-A-l*6l2, 
over  5  coats  of  clear 

Fabric  exposed,  after 
destruction  of  coating 

8. 5-9.1 

cellulose  acetate  butyrate 

dope(#2650)  on  cotton 

Fabric  destroyed  by  a 

(MIL-C-561*6) 

slowly  propagating  flame 

20 

2  coats  of  white  cellulose 

Surface  blisters  and 

acetate  butyrate  dope 

turns  dull 

18-19 

(2651)  over  5  coats  of  clear 
cellulose  acetate  butyrate 

Coating  flames  during  ex¬ 

dope  (2650)  on  ootton 

MIL-C-561*6 

posure  without  propagation 

31 

Fabric  destroyed  by  slowly 
propagating  flame 

35 
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